During prolonged stimulation, fusion of thousands of synaptic vesicles poses a challenge for the temporal and spatial coordination of exocytosis and endocytosis. In this issue of Neuron, Hosoi and colleagues reveal that [Ca 2+ ] i -microdomains trigger compensatory endocytosis. Block of endocytosis enhances short-term depression by delaying vesicle recruitment to docking sites on active zones.
The relinquishment of neurotransmitters from nerve terminals requires some prior assembly. First, synaptic vesicles, laden with transmitter, need to translocate from a cytoplasmic reservoir to specific contact sites on the plasma membrane. A complex meshwork of actin filaments, tethers, and scaffolding proteins mediates vesicle recruitment to a small area called the active zone (Gundelfinger et al., 2003) . Here, vesicles are captured and tethered to presynaptic dense projections, and some are placed in close proximity to Ca 2+ channels. Through a series of poorly understood priming reactions, a subset of docked vesicles becomes fully competent for exocytosis. These primed vesicles constitute a readily releasable pool, poised for fast exocytosis and awaiting only one final signal: the opening of nearby Ca 2+ channels. A large macromolecular complex is thus required for the fast and focal exocytosis of synaptic vesicles (Verhage and Sørensen, 2008) . Vesicular membrane is then retrieved via an elaborate endocytosis machinery that needs to be quickly assembled and disassembled as vesicles cycle from the plasma membrane to the cytoplasm and then back to empty docking sites on the active zone.
What are the mechanisms that regulate the coupling between exocytosis and endocytosis? In this issue of Neuron, Hosoi et al. (2009) address this question by measuring membrane capacitance changes at the calyx of Held nerve terminal. Capacitance changes are proportional to net changes in cell surface area and thus constitute a measure of synaptic exo-and endocytosis. The authors show that a series of depolarizing steps evokes a capacitance jump (exocytosis) followed by a decay of capacitance back to baseline that is blocked by compounds that interfere with clathrin-mediated endocytosis. This compensatory decay of capacitance thus constitutes a bona fide measure of the rate of synaptic endocytosis. Furthermore, the rate of capacitance decay varies with the amount of evoked exocytosis. Short depolarizing pulses that produce a small capacitance jump are followed by relatively fast endocytosis (t % 10 s), suggesting that abundant endocytic ''resources'' are available under these conditions. Physiologically, this may occur during low-frequency action potential firing when a single vesicle may fuse at a given active zone ( Figure 1A ), resulting in minimal disruption of the active zone machinery. Accordingly, rates of endocytosis have been found to be fast after short depolarizations at several different nerve terminals (Heidelberger et al., 2002) . However, the rate of endocytosis becomes progressively slower after larger bouts of exocytosis, perhaps because the internal reservoir of endocytic proteins becomes more and more depleted ( Figure 1B ; Balaji et al., 2008) .
To study further the coupling between exocytosis and slow endocytosis, Hosoi et al. (2009) (Wu et al., 2005) . However, the flash photolysis experiments reported here do find that higher elevations of Ca 2+ lead to faster rates of endocytosis (Wu et al., 2005) . Whether several forms of endocytosis regulated by different Ca levels exist at the calyx terminal under diverse physiological stimulation protocols remains an open question and further work will be needed to clarify this issue. Hosoi et al. (2009) then examine the molecular machinery responsible for compensatory endocytosis and present evidence that synaptobrevin/VAMP, a key v-SNARE-type protein for exocytosis, is also involved in regulating slow endocytosis. Interestingly, previous studies proposed that synaptobrevin/VAMP is involved in fast endocytosis (Deak et al., 2004) , whereas synaptotagmin, the Ca 2+ -sensor for exocytosis, mediates slow endocytosis (Poskanzer et al., 2003) . Given the multistep task at hand, the high degree of accuracy required, and the speed of recycling, it is perhaps not surprising that some proteins may play a dual role in both the exocytic and the endocytic limbs of the vesicle cycle. Thus, some proteins involved in exocytosis may have specific epitopes for the binding of endocytic adaptor proteins. They may thereby seed the process of membrane retrieval, helping endocytic proteins distinguish between fused vesicular membrane destined for reinternalization and nerve terminal membrane proteins and lipids that should remain on the presynaptic plasma membrane.
Finally, Hosoi et al. (2009) suggest that slow endocytosis regulates short-term plasticity. The in vivo calyx of Held is a nerve terminal that can fire spontaneously at very high rates. During high-frequency stimulation, the probability of multivesicular release rises, and at some small bouton-type nerve terminals containing a single active zone, up to five vesicles may fuse with the plasma membrane (Oertner et al., 2002) . Hosoi et al. (2009) ] i levels. The large increase in active zone area may temporarily disrupt the organization of the active zone and vesicle pool depletion may contribute to synaptic depression. In addition, as proposed by Hosoi et al. (2009) , slow endocytosis may be triggered by local Ca 2+ -microdomains to promote recovery from short-term synaptic depression.
proteins needed for vesicle tethering/ docking may be pushed away from docking sites, and the average distance between any remaining docked vesicles to Ca 2+ channels may be significantly increased ( Figure 1B ). Conventional active zones may thus have a limited capacity to cope with large amounts of release. Indeed, even at ribbon-type synapses, which are thought to have par excellence a large capacity for continuous exocytosis, there is evidence that active zones may become disorganized and depleted of synaptic vesicles after continuous stimulation (Hull et al., 2006; Jackman et al., 2009) . Multivesicular release may thus resemble more a tsumani than a gentle rippling over the plasma membrane. How do nerve terminals cope with this sudden stress to their release machinery, and can it contribute to short-term depression? Through a series of elegant pairedrecording experiments, Hosoi et al. (2009) demonstrate that blocking slow endocytosis significantly slows the rate of recovery from short-term depression and reduces the amplitude of steady-state EPSCs during a tetanic stimulation train. These results thus establish a direct link between exocytosis and endocytosis. Previously, such a link had been elusive (but see Lou et al., 2008) , and studies at ribbon-type synapses had even indicated that block of slow endocytosis does not lead necessarily to a loss in the capacity for repeated bouts of exocytosis (Heidelberger et al., 2002) . Perhaps ribbon-type active zones are specialized to avoid traffic jams in continuous vesicle cycling and may have mechanisms that promote a rapid spatial and temporal uncoupling of exocytosis to endocytosis. Hosoi et al. (2009) propose that the enhanced short-term depression resulting from block of endocytosis is due to delayed recruitment of release-ready vesicles, perhaps because active zones become disrupted during copious exocytosis and cannot be cleared fast enough to maintain continuously high rates of release (Figure 1B) . The replenishment rate of the readily releasable pool of vesicles is not involved. So the rate-limiting step in release appears to be the fresh recruitment of vesicles to docking sites and their priming for exocytosis. This is a surprising and provocative postulate since vesicle pool depletion, and the replenishment rates of depleted pools have dominated much of our thinking about the mechanisms of short-term depression.
Like most major advances, the paper of Hosoi et al. (2009) sensors for different forms of endocytosis at other synapses? Can fast, clathrinindependent endocytosis occur after low-frequency stimulation protocols, and does bulk endocytosis predominate after very prolonged stimulation (de Lange et al., 2003) ? Clearly, more work remains to be done. However, the study by Hosoi et al. (2009) adds a wealth of new data and ideas on the mechanisms of endocytosis and short-term plasticity. Together with the concepts of ''positional priming'' and ''molecular priming'' for exocytosis (Neher and Sakaba, 2008) , and of the clearance rates of disrupted active zones, the findings of Hosoi et al. (2009) may force us to abandon some long-standing assumptions about how endocytosis is regulated, how it is coupled to exocytosis, and how synapses function when heavy demands are placed on them for continuous exocytosis.
